INTRODUCTION
In this paper we describe a flow diagnostic based on the molecular Rayleigh scattering of laser light for use in NASA test facilities. This diagnostic will provide dynamic aerothermodynamic data that are not presently available. These data will be important in studies such as the investigation of growth and decay of turbulent This work is directed to the measurement of fluctuations in flow velocity, density, and temperature for jet noise studies. One of the main objectives in jet noise research is to identify noise sources in the jet and to determine their contribution to noise generation. In particular, researchers have focused on the correlation of fluctuations in flow parameters with far field noise t. Although LDV can typically achieve data rates of a few tens of kHz, it is difficult to achieve much higher rates without introducing larger amounts of seed material into the flow.
In practice, LDV normally provides mean velocity and a measure of turbulence intensity. Furthermore, the measurements are random in time, which makes it difficult to obtain time history data needed for power spectra. In Because the Rayleigh scattering technique under study is based on molecular scattering rather than particle scattering, no seed material need be injected into the flow.
One difficulty with LDV and PIV is that they require the flow to be "seeded" with micron size seed particles to provide a sufficient concentration of scattering centers. The reliance on seed particles presents a number of difficulties, such as difficulty injecting a uniform cloud of seed, and providing seed material that can withstand the flow environment.
For high temperatures, refractory seed materials are necessary.
In addition, seed material can contaminate the facility, coating surfaces and windows.
Facility engineers are often wary of the introduction of this foreign, often abrasive material, into their equipment. A further limitation of particle scattering methods is that the particles, although small, may not be able to follow large flow accelerations, thus introducing inaccuracy in the prediction of the gas velocity. to the shift of the spectral peak from the frequency of the incident light. Because the spectral width is also a function of the molecular weight of the gases in the flow, knowledge of the gas composition is generally required; however, this is not a concern in the proposed work, which is directed toward air flows where the composition is well defined.
In any case, velocity measurements, because they are determined from the frequency of the In this paper we present an improved version of these systems. 
THEORY

Rayleigh scattering
The spectrum for Rayleigh scattering from a low density gas has a Gaussian profile given by
where fo is the laser frequency and u is the mean gas 
where p is the gas pressure and r/ is the shear viscosity. Here, /2 is the refractive index of the medium in the Fabry-Perot cavity, d is the Fabry-Perot mirror spacing,
Or is the angle between the ray and the optic axis, and Here we define the fractional order of the fringe with radius r as
For example, at the location of the image dissector, the fringe order of the 6 mm diameter mirror is 0.10.
Likewise, the fringe order corresponding to the diameter of the image of the optical fiber is 0.33. And, if unshifted laser light generates a bright fringe with radius ro, we refer to this as order no. Note that here we are using the term "fringe order" to denote change of the fringe order from the actual fringe order on the optical axis, which is 2d/,_.
The change in fringe order with optical frequency is An= Af (10) FSR so the change of fringe order An with change of velocity AVis given by An = (2/2)sin(0s/2 ) AV (11) FSR where 0, is the scattering angle.
For example, with a velocity of 100 m/sec, a FSR of 10 GHz and 90°degree scattering, the change in the fringe order An is 0.0266. The lower bound for velocity uncertainty was numerically evaluated as a function of the fringe order no and the velocity using equations 1, 3, 4, and 6. For these calculations, either two or three unknown parameters were assumed (i.e., the _ in eq. 5 were NR, and uk, or NR, uk, and 7"). The results are shown in figure 3 for the optical system described above for a single measurement using 0. The operator has the option of either switching to the Reference mode between each data set or taking sequential data sets without switching to the reference mode.
The advantage of using the Reference mode between data sets is that any drift in the interferometer is minimized. step was to obtain a set of mean data for the velocity range of interest, where the velocity was calculated from the total temperature and pressure ratio using isentropic flow relations. A linear fit was then done to obtain the four constants A1, B1, A2, and B2 as shown for a typical data set on figure 6 .
I=A,+BIV
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These are solved to find the velocity as a function of the ratio R = 0/I. in the free jet allowed the system to be evaluated for known flow conditions, where the flow velocity, density, and temperature could easily be determined using isentropic flow relations.
An example of a set of mean velocity measurements (each calculated using 100,000 samples taken at a 10 kHz rate) is shown in figure 7 . The solid line is the velocity calculated from the measured total and ambient pressures using isentropic flow relations. The calibration constants described in the data processing section were obtained from data taken five days earlier.
The rms deviation of the mean velocities from the isentropic values is 7.7 m/sec. This plot shows that the Fabry-Perot stabilization system is able to reproduce the correct interferometer alignment (locking to a preset fringe diameter before each measurement).
The However, we can see that this is much more attractive for higher velocity flows. 
